The modification of kaolin using natural surfactant rarasaponin was studied. The effectiveness of kaolin and rarasaponin-kaolin was evaluated for removal of malachite green (MG) from the aqueous solution. The temperature dependent forms of Langmuir, Freundlich, Sips and Toth model were employed to correlate the adsorption experimental data. Even all isotherms used in this study, visually can correlate the experimental data well, however Sips model gave consistent and reasonable values of the fitted parameters. Kinetic data were analyzed using pseudo-first-and pseudo-second-order, and pseudo-first-order gave reasonable values of fitted parameters. Thermodynamic properties of adsorption of MG onto kaolin and rarasaponin-kaolin were also obtained in this study.
Introduction
Synthetic dyes have been widely used in many industrial processes. Some kinds of these dyes are safe and can be used for food colouring others are very toxic for human and even for the environment. Currently, synthetic dyes in industrial processes almost replace natural dyes due to its cheaper price, brighter colour and better properties to the dyed materials. Many of these dyes are dangerous and must be removed before getting discharged to environment. Even at very low concentration, the presence of dye in water could be highly toxic to aquatic systems [1] . Also, the presence of dye in water may influence aquatic ecosystem which is due to acute and/or chronic effects on the exposed organisms, depending on the exposure time and dye concentration, or by blocking the passage of light through the water so it can interfere with the growth of microorganisms and hinder photosynthesis in aquatic plants [2] [3] [4] . Several dyes cannot be removed completely by conventional biological treatment processes, such as activated sludge and anaerobic digestion, since they are also resistant to light and moderate oxidative agents [5] .
Basic Green 4 (BG 4) or malachite green (MG) is a cationic dye that belongs to N-methylated diaminotriphenylmethane dye and most widely used for colouring purpose among all other dyes of its category [3] . This dye is used as biocide in the aquaculture industries. It is also used as colouring agent in leather, wool, jute, paper, cotton, silk and acrylic industries as well as food coloring agent, food additive, medical disinfectant and anthelminthic [3, 6, 7] . However, MG is hazardous, carcinogenic and acts as a liver promoter [8] . It causes damage to liver, kidney, spleen and heart; decreases growth, food intake and *Corresponding author.
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